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Cortus Energy x Forest Energy
2MWel biomass business in Japan
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Cortus Energy x Forest Energy
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A strategic joint agreemeent was made between Forest Energy and Cortus Energy in May 2016
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Partnership to develop, build and operate 1.9MWel gasification biomass power plant in Japan

B BARMITOFEAIZ2016412 A I1Z5ERK
Basic engineering for Japan model of WoodRoll completed in december 2016
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2. 2MWel biomass business
in Japan
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Forest Energy

BRENAAIAXETORE - EEHE - EEZ—[NBEETFHITS
We develop, project finance, own and operate wood fired biomass power plants
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_ <7 20.5MW. FAH & Akita
BTGE D FHEMZEERE B ¥&E8; Operation 2016 -
BTG power plant using local wood
as fuel 5.75MW, ZIE R Miyazaki
B Z3EEx Operation 2015 -
Cortus Energy®M# Rt itz {E - CHP 1.9 MW el
T +E 2.4 MW th

EORT LZBARTHRAMICER
Cortus Energy’s WoodRoll

gasification technology
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Lessons learnt — Fuel collection

C BbAENBEARMDEKEITLI5%~60%D0L OO TIELEDEEHKREL
Moisture content of wood delivered is 45 to 60%, with wide variance

. BWMEAN (U4v., R, MEFR)

Wires, stakes and stones found in wood

. BAEEFREREEAZ N E ZAIZTE, EMREAIE100km~200km
Fuel goes to highest buyer and will travel 100 — 200 km away from power plant

. RORER - IR I - IS K o TEAKREL
Large variance in cost to cut down trees, depending on area, steepness and accessibility

. Ry MIBENDREITNTDENH D
Pellet is still small business, and price is high, quality is variable
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Implication to business
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IHE . BEFEREENAELNE Z AIZITE. 100km~200km+ £+ BERN

Reality: Fuel goes to highest buyer, and will travel 100 — 200 km away from power plant

| MR TEERIREREETD
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¥ (BHKESL. AEMBREERAESEM)

EXREL . REMEOEAZ TIXEBRKRTEBHREICHEINDG, T, HBICK>TERENH S,
RHBEOEFHELEVRBENRZERICHIR S LICRRET S
Implication: Need flexibility in fuel type and high power generation efficiency to have

control over fuel price competition. Each area will have its unique characteristics
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Forest Energy approach to small biomass energy in Japan

1. MHEERICHLTILEDIILGIVRAT L
Fuel flexibility. No single fuel solution

2. DY ERFYTEERHETEORTLA
Woodchip as main fuel source. Not pellets

3. Wy FFy TAKEOLRAEC . E50EEHBTELVRATLA 0y
Tolerance to high moisture rate and variance in moisture rate oo CO H I U S

® o
e®s ENERGY
4. HEBHE = 30%
Power generation efficiency = 30%

5. BMEftlaN TE LA
CHP capability a must

6. BAEXEDHTHILT 2EAKDEFE, BAEEIFERZNITTRYBED
Project economics need to be good just on electricity. Heat usage need time to develop
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2MW el biomass system

T R % HRLEEET 3DD A&
Hh 7 HhJH KNS HREERK
Fuel = local biomass Gasification 3 applications
21 B LR
Post FIT

A% E M (FC)

SOFC
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T 1.9MWel .

\"[c1)
R4 AHRE—EY

LS 2.4MWth

B YIRFVT  N—=0 FvT Wk B EETCHITEHIEEXEETIL
Woodchips, barks, bamboo chips, rice hulls Power (electricity) based business model
B 57K3E moisture rate: ~60% B ARSI ER. BEZT T T

B E/KE50%NDFVIT%E75 ton.” H(day) Take time to coordinate heat usage



3. The WoodRoll® technology
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Cortus Energy

Founded in 2006 to develop and commercialize the patented gasification process WoodRoll®.
WoodRoll® is a gasification process for biomass, producing clean energy gas with a high energy value.
The purity and high energy value of the energy gas makes it suitable for replacing fossil fuels.

Listed on Nasdaq OMX First North since february 2013.

The company has 12 employees and 10 consultants.

» WWEF climate solver (2009)

» Top 25 Nordic Cleantech Open (2010)

» Top 25 Cleantech summit Geneva (2011)
» Classified as ”Beyond state of the art” by
German consulting company (2010) and
Chicago Gas Technology Institute (2011)
» Stockholm Cleantech hotlist (2013-)
Seal of excellence, EU (2016)




~ WoodRoll®- Versatile green Energy gas \

WoodRoll® is a unique technology that -
replaces fossil energy by efficient ' In the gasifier finely ground char A p p'l ications
gasification of biomass that produ- 4 reacts with steam (1 100 °C) and

ces green energy for vehicles, Tavinatiedn ERTEr b, Biogas -
industry and power generation. 3 The pyrolysis gas is burned and '

heats gasification, waste heat
goes to pyrolysis and drying.

Feedstock Tar

incineration!

Forest-based feedstock
e o bt rosirhies During the pyrolysis the
d 2 biomass is converted into
S LREIEY LHops. pyrolysis gas and char (400 *C).

The biomass is
- / 1 heated and dried
| (100" C). 1

The energy gas is cooled with
water that becomes steam,
which is feed to the gasifier.

35 tons of biomass (equivalent to a lorry with trailer)
Aericultimal wste one-day operationof a WoodRoll® = 100 oil barrels
; ICuitural wa

such as animal manure l..l...l...l......'.....
and crop residues. BENEREEENEE NN NN NN
SEEENEEEEEEENE NN NN NN
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Waste from industry
such as fiber sludge and

construction waste. = ;
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WoodRoll® — development until today!

500 kWhermal Engineering of 500 kWhermal WoodRoll® | | Tests of:
Test gasifyer 5 MW WoodRoll® || Installation integrated Test plant * Fuels
\ WoodRoll® in Koping * Gascleaning
. _Crzlackning

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017- >
Collaboration 150 kW gas New TGA - DemoSNG New 6 MW, modular Projects
with KTH for bio pilot tests Close to 300 samples | Methanation tested || WoodRoll® plant 6 MWy, modular

fuels - Thermo
Gravimetric
Analysis (TGA)

of biofuels made
(Mar. -2017).

in Képing

WoodRoll® plant

Hoganas




WoodRoll® — Fundamentals

Biofuels Pyrolysis Gasification

e Reactivity e Dusting e Pyrolysis gas e Conversion rate
e Ashes e Condensation e Combustion of e Ash control
e Single pyrolysis gas
percentage e Charyield
humidity




WoodRoll® — Achievements

Biofuels

¢ 20 biofuels verified

e Controlled dusting
and condensate

e Single percentage
humidity in
operation

Pyrolysis

* Pyrolysis gas cracked
after hot filter

e Combustion stable

e Charyield [T, Xi]
35% +/-10%

Gasification

® >99% Conversion
rate reached

* Ash melting only for
chemical sludge

e Ultra clean syngas




WoodRoll® — gas composition

Syngas analysis example 2016
Pyrolysis at 360°C

Forest residuals Wood chips

70%
B60%
50%
40%

Vol %

30%
20%
10%

0%

mH: mCO mCO2 mCH4



Hoganas AB
Forest Energy

4. Business projects
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4.1 Probiostal project
Hoganas AB
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4.1.1 WoodRoll® in Hoganas

Hoganas AB and Cortus AB collaborate for renewable
energy under a 20 years renewable energy supply

contract

» Hogandas wants to be the first steel manufacturer to
replace fossil such as natural gas and coke with
renewable energy to stay ahead of the competition

» Cortus has an excellent first commercial and industrial
plant to operate in 2018

» A cooperation has been running since 2012 within
Jernkontoret (Swedish Iron and Steel Society).



4.1.2 WoodRoll® in Hoganas - background

e A pre-design (Basic engineering) has been completed for Hoganas in
2015/16 at a cost of 8.5 MSEK, where industry, institutes and
academy together have developed a basis for the introduction of

renewable energy in the production facilities at Hognas.
 The pre-design includes:
e Manufacturing, installation, commissioning of a WoodRol|®- plant

(Cortus/Hoganas)

 Environmental impact study as a life cycle analysis
(Swerea)

e Modeling, simulation and analysis of heating process impact in Hoganas
(KTH)

* Energy optimization of the system — gasification and furnace (KTH)

 The parties are finalizing a 20 year supply contract.



4.1.3 Project partners
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4.1.4 Project plan

2017 2018
I Q1l Q2 Q3 IQ4 Ql Q2 Q3 Q4
Site i

Start. of Héganis 20 years Start of moQuIe Factgry acceptance _ _ Dt.e'morlstratlon

detailed supply agreement Manufacturing test in Emtunga installation Hoganas

engineering yag and installation Hoganas and checkout

Probiostal Hoganas
Start of
procurement of Packing and transport Site acceptance test Start of delivery
process in Hoganas in Hé6ganas

equipment




4.1.5 Modular 6 MW WoodRoll®

Engineering
* The plant is sectioned into function blocks

* Cortus is responsible for process
engineering

e Design support from AF, WSP (AutoCAD
Inventor)

 The engineering is based on the pilot
plant in Koping

e Process equipment is bought from
established suppliers

e The modules are manufactured in
Emtunga

Confidential — Property of Cortus Energy AB

Modules

The plant consist of 14 modules

The basic module sizeis 4.45m * 13.35m
*4.00m

Each module will have its own electrical
cabinet

The process modules have integrated
electrical and control cabinets

Power and network connections to the
modules
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4.2 Forest Energy, Japan




4.2.1 First WoodRoll®plant in Japan
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4.2.2 First WoodRoll®plant in Japan
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4.3 Mariposa, California




4.3.1 Mariposa biomass project

e An EPIC grant of 5 MUSD has been granted by California Energy
Commission on the 24th of March 2017 for this project

e The project group has been working for nearly two years for a joint heat
and power project in Mariposa (California) based on a modular 6 MW
WoodRoll® with double gas engines and heat recovery

 |In 2016 MBP received support from the state for a pre-design study of a
biomass heat and power plant based on a modular 6 MW WoodRoll®

e Environmental permit application has been sent in (March 2017)

* For arealization phase of the project, possibilites for further collaborations
with other parties in California are necessary and under investigation. This
is a prerequisite for implementation of the project.

* Basic engineering will be started in the second half of 2017.

 Aplant order is expected early 2018.



4.3.2 Mariposa biomass project
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5. Next step
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Synthetic
fuels and

chemicals
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